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ISS Research Design Challenge: CELERE 
Capillary Effects on Liquids Exploratory Research Experiments 
CELERE - ISS Research Design Challenge | Glenn Research Center | NASA 

2021 Tutorial  
By Tyler Hatch (NASA Glenn Research Center, Cleveland, Ohio) 
and Nancy Hall (NASA Glenn Research Center, Cleveland, Ohio) 
 

The CELERE handbook is a separate document and can be downloaded from  

CELERE - ISS Research Design Challenge | Glenn Research Center | NASA 

 

Capillary Rise in Zigzagging Channels 
Through this tutorial, you will use Computer-Aided Design (CAD) to draw two zigzagging channels, one with round corners 

and one with sharp corners, as shown in the middle-layer figure below. 

 
 

 

Lǘ ƛǎ ǎǘǊƻƴƎƭȅ ǊŜŎƻƳƳŜƴŘŜŘ ǘƘŀǘ ȅƻǳ Ǝƻ ǘƘǊƻǳƎƘ ŀƭƭ ƻŦ ǘƘƛǎ ǘǳǘƻǊƛŀƭΩǎ 

steps at least once, especially if you are not familiar with LibreCAD! 

https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
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Only an example middle layer is designed in this tutorial because all of the CELERE test cells use the same front and back 
layers (with exit slots for the air), as shown below.  Note that it is critical that the channels reach the exit slots so that the 
oil can rise during free fall as a result of the capillary action. 
 

 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 

As a start: 
1. Download LibreCAD for free from LibreCAD - Free Open Source 2D CAD for Mac, Windows, and Linex systems. 

This tutorial is most applicable to LibreCAD version 2.2, although older versions should be similar.  

2. Download the CELERE_2021_TEMPLATE.DFX file from this link: CELERE - ISS Research Design Challenge | Glenn 

Research Center | NASA Φ ¢Ƙƛǎ ǿƛƭƭ ōŜ ǳǎŜŘ ŦƻǊ ȅƻǳ ǘƻ ŘŜǎƛƎƴ ǘƘŜ ǘŜǎǘ ŎŜƭƭΩǎ ƳƛŘŘƭŜ ƭŀȅŜǊΦ  

 

Mac Help: Downloading LibreCAD onto a Mac may require a few extra steps compared to a Windows or Linex system. 

If you need help installing LibreCAD onto your Mac please see the following steps for assistance.  
1. Go to the download page on LibreCAD listed above and begin the download as normal.  

2. Once the download has completed find LibreCAD in your system, move it to your applications folder if it is not 

already there to save it permanently.  

3. If you experience an error when opening LibreCAD Ǝƻ ƛƴǘƻ ȅƻǳǊ ǎȅǎǘŜƳΩǎ ǎŜǘǘƛƴƎǎ and select Security and Privacy. 

Once you loƎ ƛƴ ȅƻǳ ǎƘƻǳƭŘ ǎŜŜ ŀ ǇƻǇ ǳǇ ŦƻǊ [ƛōǊŜ/!5 ǿƛǘƘ ŀ ǎŜƭŜŎǘƛƻƴ ǎŀȅƛƴƎΣ άhǇŜƴ !ƴȅǿŀȅέΦ {ŜƭŜŎǘ ǘƘŀǘ ǘƻ 

resolve the error.  

 

 

While this tutorial uses many of the tools available in LibreCAD, it is not an exhaustive instructional tool. For more guidance 

on LibreCAD, go to the help page at:  

start [Wiki] (librecad.org) 

 

Note that product references do not indicate an endorsement on the part of NASA or the federal government.  

 

https://librecad.org/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://dokuwiki.librecad.org/doku.php
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Instructions & comments Screen shots, images, and diagrams 
FILE SETUP 
Launch LibreCAD and open the template file 
by selecting file and then open 
 
 

 
Select and open the 
CELERE_2021_TEMPLATE.dfx  file 

 
The screen similar to that on the right will 
appear. The design will be restricted to inside 
the black lines.  
 
 
 
Note: The background has been changed to 
white for picture clarity 

 

 
¦ƴŘŜǊ άhǇǘƛƻƴǎέ ǎŜƭŜŎǘ ŎǳǊǊŜƴǘ ŘǊŀǿƛƴƎ 
preferences to reveal the setting for this 
current drawing.  
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Make sure that the Paper size is A3 and that 
the Units are in Millimeters.  
 
¦ƴŘŜǊ ǘƘŜ DǊƛŘ ǘŀōΣ ǎŜƭŜŎǘ ά{Ƙƻǿ DǊƛŘέ ŀƴŘ 
make sure that the Orthogonal Grid is also 
selected.  
 
Dimensions and Spline should remain in this 
default setting.  
 
Select Okay to close the Drawing Preferences.  
 

 

The template file, which provides the test cell 
outline including these  main features: 
 

 Border (Black Lines): The channels that you 

design must fit within the border. 

 File name: The file name appears at the 

top of the test channel so Glenn Research 

Center (GRC) can identify your middle layer 

and tell it apart from those of other teams.  

 Green slot: The green slot is where the air 

will exit out the front and rear layers of the 

assembled test cell.  The channels you 

design must extend into the green slot.  

DO NOT ALTER THE TEST CELL OUTLINE 
BLOCK IN ANY WAY! 

 
Across the top is the main menu which 
contains: File, Options, Edit, View, Plugins, 
Tools, Widgets, Drawings, and Help. For more 
information on these features visit Main 
Menu τ LibreCAD 2.2.0 documentation 

 

Border 

File Name 

Green Slot 

https://librecad.readthedocs.io/en/latest/ref/menu.html
https://librecad.readthedocs.io/en/latest/ref/menu.html
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On the left side are the Drawing Tools. To 
learn more about each tool and what it is used 
for visit: Drawing Tools τ LibreCAD 2.2.0 
documentation 

 
At the bottom is the Snapping Menu. This 
menu includes the tools for attachment of 2-D 
shapes to the design platform. For more 
information on these specific tools visit: 
Snapping τ LibreCAD 2.2.0 documentation 
 
When you first begin, none of the snap menu 
items should be selected.  
 

 

On the top right side of the screen is the Layer 
List. This section is used to layer the 
components of the design and create new 
layers if desired 

 
 

https://librecad.readthedocs.io/en/latest/ref/tools.html
https://librecad.readthedocs.io/en/latest/ref/tools.html
https://librecad.readthedocs.io/en/latest/ref/snaps.html
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On the bottom right side of the screen is the 
Command Line. This line is used to get precise 
locations in the software if desired.  
 
For more information on the Layer List and 
Command Lines visit: Dock Widgets τ 
LibreCAD 2.2.0 documentation 
 

 
The template file includes several unique 
layers, where the most important layer is the 
CUT layer.  Lines drawn on this layer will tell 
the laser cutter to cut through the acrylic.  
 
Make sure your channel design is on the CUT 
layer (AKA the red layer).   
 
Items not on the cut layer will not be cut or 
printed at all. The other layers should not be 
used and are either LibreCAD default layers or 
used by NASA.  
 
DO NOT MODIFY THE LAYERS BESIDES CUT 
AND ENGRAVE IN ANY WAY! 
 

 
Additionally if at any point you would like to 
go back there is an undo key in the edit tab.  
 
Ctrl Z also will perform the undo function if 
selected.  

 
  

https://librecad.readthedocs.io/en/latest/ref/widgets.html
https://librecad.readthedocs.io/en/latest/ref/widgets.html
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RENAME THE DRAWING 
Do not modify the provided CELERE template 
file.   Instead, re-save the file with a unique 
name and modify that copy.  The file name of 
your submitted drawing will be used to identify 
your part and help NASA keep track of all the 
experiments.  Especially for that final drawing, 
use the following steps to format and name 
your new file.  
 
In the menu toolbar, navigate to: 
    File  {ŀǾŜ !ǎΧ 
Save the template file as a new file using the 
following convention: 
CELERE_2021_<StateAbbrev>_<OrgAbbrev>_
<AdvisorLastName>_<ParticipantAbbrev> .dxf 
 
An example name: 
CELERE_2021_OH_GRC_Jones_ABC.dxf 
 
Sufficient abbreviation is required that the 
file name fits within the test cell outline in a 
ǎƛƴƎƭŜ ƭƛƴŜΣ ƛΦŜΦΣ ǎƻ ǘƘŜ ƴŀƳŜ ŘƻŜǎƴΩǘ ŜȄǘŜƴŘ 
off of the test cell!  You may need to 
abbreviate the advisor name too. 

 

Field Description 

<StateAbbrev> 

Use the two-letter mailing abbreviation for 
your state or territory, where they are listed 
below for reference.   If you are from a DODEA 
school outside of the U.S. (including the listed 
territories) then use Ψ5h5Ω ƛƴǎǘŜŀŘΦ 

<OrgAbbrev> 

!ƴ ŀōōǊŜǾƛŀǘƛƻƴ ŦƻǊ ȅƻǳǊ ǘŜŀƳΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴΣ 
e.g., school, Scout troop, etc.  For example: 
     Franklin Middle School = FMS 
     Helen Keller School for the Blind = HKSB 
     Girl Scout Troop 123 = GST123 
In the case of schools, please use the school 
name for the abbreviation rather than the 
name of a school club.  If you are participating 
as an individual, please use an abbreviation for 
ȅƻǳǊ ǎŎƘƻƻƭ ŜǾŜƴ ƛŦ ȅƻǳ ŀǊŜƴΩǘ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ 
CELERE as a school project.  If you are home-
schooled, you can use HOME. 

<AdvisorLastName> 
¢ƘŜ ƭŀǎǘ ƴŀƳŜ ƻŦ ǘƘŜ ǘŜŀƳΩǎ ŀŘǳƭǘ ŀŘǾƛǎƻǊΣ ŜΦƎΦΣ 
teacher, Scout leader, etc., who serves as the 
ǘŜŀƳΩǎ ǇǊƛƴŎƛǇŀƭ ŎƻƴǘŀŎǘ ǿƛǘƘ b!{!Φ 

<ParticipantAbbrev> 

The end of the file name should be an 
abbreviation identifying your team or your 
initials if you are participating as an individual. 

 

 

US State Abbrv US State Abbrv US State Abbrv US Territory Abbrv 

Alabama AL Louisiana LA Ohio OH American Samoa AS 

Alaska AK Maine ME Oklahoma OK District of Columbia DC 

Arizona AZ Maryland MD Oregon OR Guam GU 

Arkansas AR Massachusetts MA Pennsylvania PA 
Northern Mariana 

Islands 
MP 

California CA Michigan MI Rhode Island RI Puerto Rico PR 

Colorado CO Minnesota MN South Carolina SC U.S. Virgin Islands VI 

Connecticut CT Mississippi MS South Dakota SD DODEA schools DOD 

Delaware DE Missouri MO Tennessee TN   

Florida FL Montana MT Texas TX   

Georgia GA Nebraska NE Utah UT   

Hawaii HI Nevada NV Vermont VT   

Idaho ID New Hampshire NH Virginia VA   

Illinois IL New Jersey NJ Washington WA   

Indiana IN New Mexico NM West Virginia WV   

Iowa IA New York NY Wisconsin WI   

Kansas KS North Carolina NC Wyoming WY   

Kentucky KY North Dakota ND     
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Under the top menu, File  {ŀǾŜ !ǎΧ 
 
 

 
Rename the file per the instructions on the 
previous page. 
 
 
 
 
 
 
 
 
 
 
 
 

 

{ǿƛǘŎƘ ǘƻ ǘƘŜ ά9ƴƎǊŀǾŜŘέ [ŀȅŜǊ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ 
the layer name. Then select the template 
name and click the delete or backspace key to 
remove the name.  
 
This will leave you with a blank top line as 
shown here.  
 
 
 
 
 
 

 

In the top bar select the A to open a text box.  
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Type into the textbox the same name you used 
for the filename. Change the text size to 4 and 
select ok.  

 
Place the text in between the red and white 
lines starting in the top left corner as shown.  

 
Now the text will read as the new file name. 
 
 
Note: Use the escape key to get rid of the text 
attached to the cursor after you place the 
name.  
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DRAW A ZIGZAG IN THE CUT LAYER 
Ensure the CUT layer is active. 

 
Select the fifth icon from the top in the 
drawing tools. Then select the Polyline icon.  
 
! ΨǇƻƭȅƭƛƴŜΩ ƛǎ ŀ ƎǊƻǳǇ ƻŦ ŎƻƴƴŜŎǘŜŘ ǎǘǊŀƛƎƘǘ 
and arched lines.  For this example, we will use 
ŀ ΨǇƻƭȅƭƛƴŜΩ ǘƻ ƻǳǘƭƛƴŜ ǘƘŜ ōƻǊŘŜǊǎ ƻŦ ǘƘŜ 
capillary channels of the test cell. 
 
 
 
 
 
 

 
hƴ ǘƘŜ ǎƴŀǇǇƛƴƎ ƳŜƴǳ ǎŜƭŜŎǘ ǘƘŜ ά{ƴŀǇ ƻƴ 
DǊƛŘέ ōǳǘǘƻƴΦ  
 
This button means that the line can only travel 
through the grid points.  
 

 

If you are going to free sketch the channel, do 
so within the borders of the test cell. Since this 
example problem uses predefined geometry 
ǿŜΩƭƭ ǿƻǊƪ ƻŦŦ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘŜ ǘŜǎǘ ŎŜƭƭΦ  
 
Off to the side of the Template, select the first 
point of the POLYLINE. 
 
Click to specify the start point. 
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Some tools require that you specify an object's 
location by typing in coordinates into the 
ŎƻƳƳŀƴŘ ǇƭŀƴŜΦ {ƛƴŎŜ ǿŜ ƘŀǾŜ ǎŜƭŜŎǘŜŘ ά{ƴŀǇ 
to Grid '' we will not have to do this step.  
 
Move the cursor diagonally to the side, two 
grid points. Click the cursor again to lay a 
second point.  
 
 
 
 

 
 
Move the line in the opposite diagonal 
direction two grid points again.  
 
Click the cursor to drop the third point.  
 
 
 
 
 
 
 
 
 

 
 
Click the escape key on the keyboard.  
 
This will deselect the polyline feature. 
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DUPLICATE THE ZIGZAG TO MAKE A ZIGZAGGING LINE 
Using the regular cursor, select the corner of 
the angle that was just created. It should now 
turn into a dashed line to show that it is 
selected.  
 

 
Move to the bar underneath the main menu. 
Select the copy button.  
 
This button looks like two green sheets of 
paper overlapping.  
 
 
 
 
 
 
 
 
 

 

Select the reference point to be the top corner 
of the angle created.  
 
 
 
 
 
 

 


